Abstract-This research extends the theory of planned behavior by incorporating gender and age as moderators of user perceptions and individual adoption and sustained use of technology in the workplace. Individual reactions and technology use behavior were studied over a six-month period among 342 workers being introduced to a new software technology application. While previous studies in the literature have reported gender or age differences separately, the pattern of results from the study reported here indicated that gender effects in individual adoption and use of technology differed based on age. Specifically, gender differences in technology perceptions became more pronounced among older workers, but a unisex pattern of results emerged among younger workers. The theory and empirical results are also discussed in relation to the widely employed technology acceptance model. The results from this study suggest that old stereotypes that portray "technology" as a male-oriented domain may be disappearing-particularly among younger workers. In light of these findings, theoretical implications for researchers and practical suggestions for managers are discussed.
I. INTRODUCTION
O RGANIZATIONAL investment in new technology continues to rise. The U.S. Department of Commerce, Bureau of Economic Analysis, and the Census Bureau state that as much as 50% of all new capital investment goes into information technology [84] . At the same time, the implementation and use of computer and information technologies in organizations has become so pervasive that it is now considered a routine part of daily operations. As a result, the adoption and use of technology in organizational settings has become a topic of broad interest to researchers and practitioners in management and psychology. Despite the importance of successful deployment of technology in organizations, highly publicized examples of failed implementation projects continue to accrue in the trade press. Examples such as the IRS' failed $4B system [37] and the FAA's $7.6B system [77] indicate the scope of problems that stem from employee rejection of new technologies. Unfortunately, these are not isolated incidents-Landauer [41] estimated that about half of all systems implemented in the U.S. are either underused or not used at all. Partly as a result of this alarming trend, the development and implementation literature advocates user-centered design practices that suggest that analysts must first gain a fundamental understanding of the user-including his or her needs, wants, and expectations about new systems [19] , [53] , [57] -and that project managers must prioritize users over designers [74] . Underscoring the importance of this user-centric approach, the changing nature of today's workforce has significantly broadened the typical user base in organizations and has spawned recent research focusing on the importance of gender (e.g., [1] , [36] , [75] , and [87] ) and age effects (e.g., [24] ) on technology-related issues in the workplace.
As many have noted, gender and age are among the most fundamental groups to which individuals can belong and membership in such groups is likely to have a profound influence on individual perceptions, attitudes, and performance [54] . Thus, studying the role that membership in these groups plays with respect to attitudes and beliefs about technology in the workplace is especially important today. The importance of such research is further underscored by United Nations' recommendations: "…research institutions should, as appropriate, promote research on the interrelationship between… aging and gender" [76, p. 8] . This is particularly important because the ranks of older workers are increasingly female. For example, between 1990 and 1996, the proportion of working married women ages 55 to 64 increased from 36% to nearly 50% and increasingly greater proportions of women are now employed into their 50s and 60s [83] . From a pragmatic perspective, if differences in decision-making processes do exist based on gender and age, designing appropriate interventions is critical. Given the clear importance of this topic combined with the simplicity of collecting gender and age data, research focused on gaining a more finegrained understanding of the user and their motivation-particularly, if it can be done at a very low cost early in the project management cycle-can serve to significantly reduce implementation risk and will provide a basis for current and future development efforts within the organization.
Of particular interest and relevance for the current research are social psychological theories of individual behavior, such as the theory of planned behavior (TPB); see [2] and [3] ), which has been used as a useful lens for looking at user beliefs and behavior (i.e., use). Prior research has successfully 0018 applied TPB to new technology implementation, providing compelling evidence for its efficacy in predicting individual use and adoption of automated tools in the workplace (e.g., [32] , [47] , and [73] ). Another competing model of technology adoption is the widely employed technology acceptance model (TAM, [89] , [90] ). Although we formally use TPB as the model in the current work, we will draw parallels to TAM and present the case for the applicability of our arguments and empirical evidence to TAM.
Building on this foundation, our previous longitudinal field research has examined moderators that might be incorporated into TPB, including gender [80] and age [52] to provide key insights into how different individuals in organizations may think and make decisions differently when it comes to technology adoption and use. Although our previous studies controlled for the most important potential confounds (see [42] ), due to limitations placed on the data gathered by the participating organizations for each study, neither study was able to examine the potential effect of gender and age simultaneously. In addition, although recent work by Venkatesh et al. [81] did examine the simultaneous effects of the two variables, additional confounds were not investigated and their research highlighted the need for a deeper understanding of the theoretical and practical significance of gender and age as key moderators. Specifically, the current study seeks to build on the our previous work on gender [80] and age effects [52] , respectively, by extending TPB to account for the moderation of the core relationships by both gender and age in the context of technology adoption and use decisions.
II. THEORY

A. Theory of Planned Behavior (TPB)
The theory of planned behavior (TPB) offers a comprehensive yet parsimonious psychological theory that identifies a causal structure for explaining a wide range of human behavior including leisure behavior [4] , health care [5] , [64] , and consumer purchasing behavior [10] , [55] . TPB defines relationships between beliefs, attitudes, norms, perceived behavioral control, intentions, and behavior. According to the theory, attitude toward a behavior (A), subjective norm (SN), and perceived behavioral control (PBC) influence an individual's intention to perform a given behavior. Intention, in turn, influences the behavior of interest while fully mediating the influence of A and SN, while PBC typically also has an effect on behavior. Fig. 1 shows TPB and the proposed moderators.
TPB has received extensive empirical support for explaining behavior in both individual and organizational settings. Recent meta-analytic evidence suggests that TPB explains about 41%-50% of the variance in intention, and 28%-34% of the variance in behavior [5] , [27] . Despite the impressive predictive power of TPB, a large proportion of the potentially explainable variance remains unaccounted for. Conner et al. [17] note that two ways to address this unexplained variance are through the inclusion of additional variables and moderator variables. The latter approach forms the basis of the current examination of TPB for technology adoption and use decisions in organizations.
Although we chose TPB as the core model for this work, one important consideration is the implications for the TAM. As discussed earlier, while TPB is a general model of behavior developed in psychology and has been applied/adapted to study technology adoption and use, TAM was developed in the IS literature with the specific purpose of studying technology adoption and use. TAM posits that perceived usefulness, i.e., the extent to which using a technology will enhance productivity-and perceived ease of use, i.e., the extent to which using a technology will be free of effort-influence intention to use a technology [90] . Although TAM did not originally include the impact of social influence (subjective norm), recent extensions have included subjective norm in TAM, albeit in certain conditions (see [78] and [79] ). This more comprehensive view of TAM is consistent with the recent review and synthesis paper [81] that integrated constructs from eight different technology adoption models into a unified model of technology adoption including performance expectancy, effort expectancy, and subjective norm. The arguments presented in conjunction with TPB will apply quite consistently to the TAM constructs: 1) the arguments for attitude toward using technology will apply to the perceived usefulness construct since instrumentality is at the heart of both constructs in workplace settings; 2) the arguments for perceived behavioral control will apply to the perceived ease of use construct as both constructs are tied to the level of difficulty associated with the use of the technology; and 3) the subjective norm construct is the same across both models. Thus, the overlap is significant.
B. Gender and Age Differences in Employee Adoption and Use of Technology
Driven by changes in the makeup and diversity of the workforce, gender differences are becoming increasingly important in managing the development and implementation of new technology (see [1] and [87] ). Within occupational settings, gender differences have manifested themselves in different ways. For example, recent studies in the trade press suggest that women have much higher turnover rates which have been attributed to gender differences in job stress and work-family role conflict (e.g., [49] ). In an organizational context, evidence has suggested that women do not exhibit the same sense of personal entitlement that men do (e.g., [7] ), and therefore, women may be just as satisfied with their job, despite being paid less than their male counterparts for comparable work [45] .
Like gender, age has also proven to be an important demographic variable of interest in organizational settings (e.g., [24] and [65] ). This importance is derived from two societal trends: an increasingly older workforce and the rapid introduction of computer technology across virtually all job settings [69] . As a result of these trends, organizations are finding themselves faced with a workforce with dramatically different demographic characteristics than in previous years [83] . Consequently, understanding age differences-especially as they relate to gender-is an important aspect of understanding how to effectively manage tomorrow's workforce [81] .
While there have been a number of studies of individual adoption and use of technology using TPB (e.g., [47] and [73] ), the vast majority of this research has not examined the potential dynamic influences of user differences. As a result, most studies in this domain implicitly suggest that demographic characteristics are less important than characteristics of the technology itself in determining whether specific technologies will be accepted or rejected by the intended user base. There has been some recent work that has adopted a more people-centric position by testing the role of demographic characteristics. Particularly, our two research studies [52] , [80] have examined the moderating role of the aforementioned key demographic characteristics-age and gender, respectively, on the TPB relationships using longitudinal data.
In our study on gender differences, we studied differences in the determinants of intention and behavior from a longitudinal viewpoint by pooling the data from various measurements across a five-month period [80] . We found that, as a predictor of intention in the short-run, men were more influenced by instrumentality, while women were more strongly influenced by social factors and environmental constraints; however, we found no significant gender differences in the determinants of technology use. In our related research, we used TPB to examine age as moderator of the determinants of technology use [52] . In contrast to Venkatesh et al. [80] , Morris and Venkatesh [52] does not include intention in the research model and presents a cross-sectional test of the model that includes measurements over a five-month period. We found that older workers were influenced by attitude toward using technology, subjective norm, and perceived behavioral control, while younger workers were only influenced by attitude toward using in making short-term use decisions. However, the influence of subjective norm on older workers became nonsignificant when making long-term use decisions. A summary of the results of our previous two studies is presented in Table I .
In summarizing the existing literature within a technology context, Venkatesh et al. [80] and Morris and Venkatesh [52] focused on the moderating roles of gender and age separately on the key relationships that influence individual adoption and use of technology in organizational settings. While this research has made an important contribution to our understanding of the moderating effects individually, gender and age were not examined simultaneously in either study due to restrictions imposed on the data collection by the participating organizations. In considering gender and age together, the potential for cohort differences becomes an important issue (see [14] and [22] ). For example, with respect to gender differences in the workplace, one might expect that women born in different decades are likely to have had very different educational and occupational opportunities. As a result, the observed pattern of gender differences could be expected differ based on age [81] . The present work examines the moderation of TPB relationships, specifically focusing on the concurrent moderation by gender and age, thus building a more comprehensive understanding of the interplay between these two key demographic variables. Further, the proposed model is tested using longitudinal field data and accounts for other potential confounding demographic variables, i.e., income, education, and occupation levels. 
C. Hypothesis Development
Across each of the core TPB relationships, we expect the influence of gender effects to differ based on age. How older and younger individuals develop sex role identities and experience life events and passages obviously vary across cohorts or historical time. For example, Arceneaux et al. [8] found evidence supporting age moderation of gender differences based on longitudinal data from WAIS/WAIS-R subtests. More specifically, the observed gender differences were moderated by age for some skills, particularly, those requiring spatial abilities. Similarly, Jones [38] reported gender differences in college students' values; however, he found that these differences varied between "traditionally aged" students and "nontraditionally aged students" (operationalized as years of age). In sum, this line of research suggests that the definitions, experience, and consequences of being male or female at different life stages varies across generations and, thus, are open to reinterpretation and change throughout the aging process [43] . As Levy explains "…studies of gender and gender-stratification appear static and misleading without reference to the social process of age" [43, p. 485 ]. This suggests the need to extend existing theory and research in individual adoption and use of technology in order to account for the co-properties of gender and age.
In understanding longitudinal effects, the two main papers that we seek to integrate into a more comprehensive view of TPB as applied to technology adoption and usage contexts have presented two different ways of dealing with the longitudinal data. While Morris and Venkatesh [52] studied long-term use and its determinants, they did not employ short-term use as a predictor since the data were analyzed cross-sectionally. In fact, in Venkatesh et al. [80] , short-term use was found to be the key determinant of long-term use, while intention was the sole predictor of short-term use. 1 Thus, for purposes of developing a full understanding of the phenomenon of individual adoption and use of technology in this research, we find the approach that we took in our earlier study of gender [80] to be the most compelling as it develops a dynamic model of decision-making that incorporates both early perceptions, intentions over time, and prior technology use (see Fig. 1 ).
D. Attitude Toward Using Technology
TPB defines attitude toward a behavior as "the degree to which a person has a favorable or unfavorable evaluation or appraisal of the behavior in question" ([2, p. 188]). In a technology adoption context, the key behavior of interest is use of the system; therefore, attitude toward behavior is an employee's affective evaluation of the costs and benefits of using the new technology. Within TPB, attitude toward a given behavior is determined by behavioral beliefs about the consequences of the behavior and the affective evaluation of the importance of those consequences on the part of the individual. This perspective is consistent with other models of technology acceptance, such as TAM, that conceptualize individual perceptions of usefulness based on instrumentality as being strongly related to attitude toward technology use. While gender differences research on technology adoption suggested that attitude toward using technology would be more important to men (e.g., [80] ), recent psychological theory on implicit attitudes toward male-female stereotypes suggest that gender-based attitudes are more salient for older individuals, but those differences disappear in younger (below age 50) respondents [54] . With respect to gender-based attitudes about technology's role in the workplace, research on age and job-related attitudes has demonstrated that job needs and preferences will, in fact, change with age, further suggesting the potential for a three-way interaction. For example, Porter [60] and Hall and Mansfield [31] found that younger workers placed importance on opportunities for promotion above other job-related factors compared with older workers. However, over time, the importance of promotion opportunities may be supplanted by other factors, especially taking on family responsibilities. Given traditional societal sex-roles, whereby men identify more with work roles, while women identify with family roles (e.g., [9] and [56] ), we expect that instrumental factors related to technology's usefulness and its influence on job productivity will be more important to older men than older women, thus resulting in a greater influence for attitude in predicting new technology adoption among older men than older women. In contrast, as suggested in Venkatesh et al. [80] and Nosek et al. [54] , with the ever-expanding presence of women in the professional workforce, traditional gender roles may be in a state of flux and, therefore, we expect few, if any differences in the influence of attitude on technology adoption among younger men and women. Therefore, we hypothesize the following.
H1: Gender and age will moderate the relationship between attitude toward using technology and behavioral intention to use technology, such that gender differences in the importance of attitude will be more pronounced with increasing age.
E. Subjective Norm
Within TPB, subjective norm is defined as "the perceived social pressure to perform or not to perform the behavior" [2, p. 188]. Further, TPB views the role of the normative pressure to be more important when the motivation to comply with that pressure is higher. While the original conceptualization of TAM did not include a social component, more recently, subjective norm has been incorporated into TAM [78] , [79] . In the context of technology adoption and use, subjective norm has manifested itself as peer influence and superior influence [47] , [73] . In first examining subjective norm from a gender perspective, the literature on gender differences and gender roles suggests that women have higher affiliation needs and are thus more concerned with pleasing others and more likely to conform to majority opinions (e.g., [20] and [50] ). However, research has also shown differences based on age in the importance of normative influences. For example, empirical evidence from at least four studies indicates that older workers have a significantly lower need for autonomy (typically, the opposite of affiliation need) than younger workers [6] , [18] , [21] , [30] , suggesting that normative influences may be more important to understanding behavior for older workers.
Consistent with this prior work, research on work-related attitudes and behavior has suggested that gender differences may be attenuated for younger workers. For example, task identity and the need for autonomy typically vary by career stage, which is highly correlated with age, and are only important early in one's career [63] . Therefore, while subjective norm may be an important determinant of behavior, due to career staging effects, the differences between men and women are likely to be minimized for a younger population. With the passage of time, however, evidence suggests that older workers place increasing importance on normative influences. For example, Hall and Mansfield [31] reported that the importance of having friendly supervisors and coworkers increased with age. Rhodes' [65] analysis also suggests that needs for affiliation increase with age. This is typically accompanied by preferences for extrinsic rewards, as noted earlier in the paper, and having friendly coworkers and superiors. Thus, while gender role theory suggests that women tend to value and respond to opinions of their social group (e.g., coworkers) more than men, the age differences and career stage literature suggests that these differences will be more apparent with increasing age. Therefore, we hypothesize the following.
H2: Gender and age will moderate the relationship between subjective norm and behavioral intention to use technology, such that gender differences in the importance of subjective norm will be more pronounced with increasing age.
F. Perceived Behavioral Control
Perceived behavioral control is defined as the "… perceived ease or difficulty of performing the behavior" [2, p. 188]. Perceived behavioral control comprises two factors: control beliefs (the availability of skills, resources and opportunities) and perceived facilitation (an individual's assessment of the importance of those resources to the achievement of outcomes). Specifically, control beliefs are defined as the presence or absence of requisite resources and opportunities necessary to perform a behavior [2] . Based on the definition, the ties of perceived behavioral control to perceived ease of use in TAM are strong and have been previously documented [80] , [81] . Previous research has shown that situational constraints are more important determinants of intention to use technology for women than they are for men [80] Adding some additional theoretical richness to this view, research further suggests that effect of situational constraints-typically shown to be more important for women [80] -may be differentially experienced by older workers due to age-related changes in cognitive, sensory, and physiological abilities. For example, there is substantial evidence to indicate that behaviors that comprise cognition and the ability to process complex stimuli decline with age [59] . Posner [61] suggests that as these cognitive abilities decline with age, older individuals may believe that the relative benefits that might accrue to learning something new (e.g., new technology) may not be worth the incremental effort required. Thus, for older individuals, one would expect that control beliefs would be particularly important in their decision to use (or not use) new technology.
Lending further support to this notion, Kubeck et al. [40] provide meta-analytic evidence that older adults showed less mastery of training material and had a more difficult time completing training tasks. This finding suggests that, for older individuals, the degree to which the new technology is perceived to be easy to use, e.g., requiring little or no formal training-will be more important in their decision to adopt or reject that technology than it will for younger workers (see [80] ). Similarly, Welford [82] has found that age-related working memory deficits were more pronounced when the information presented was new, in an unfamiliar cognitive domain, or complex.
As a mechanism for coping with these changes, Hall and Mansfield [31] have reported that older workers attach a great deal more importance to receiving help and assistance on the job. This is consistent with the training findings reported by Kubeck et al. [40] and suggests that older adults are cognizant of their lower abilities for learning new facts and procedures and may find personal tutoring the most effective means of acquiring new knowledge or skills. More specifically, for computer-related work, researchers have suggested user interface design strategies such as using windows or particular types of menu structures as especially beneficial for older workers in that they decrease the individual's requirements to maintain information in working memory [69] . The results presented by Morris and Venkatesh [52] also suggest that access to resources and assistance provided by particular user interface design features designed to alleviate the cognitive load associated with complex stimuli (e.g., [71] ) are particularly important to older workers. Given these differences in cognitive processing, we believe that previously reported gender differences in the importance of perceived behavioral control will be particularly evident with increasing age and will be less pronounced for younger workers. Therefore, we hypothesize the following.
H3: Gender and age will moderate the relationship between perceived behavioral control and behavioral intention to use technology, such that gender differences in the importance of perceived behavioral control will be more pronounced with increasing age.
G. Technology Use
As suggested earlier, in examining long-term technology use, Venkatesh et al. [80] offer compelling arguments for short-term use being the key determinant of long-term use, thus diminishing the role of subsequent perceptual influences on long-term use. Here, all three hypotheses suggest a three-way interaction between gender, age, and each of the determinants of intention (attitude toward behavior, subjective norm, or perceived behavioral control) in the initial stage of individual adoption of technology. However, based on the existing theoretical and empirical evidence from the studies we seek to integrate in extending TPB, we do not expect to find any moderation by gender and/or age in predicting shorter or longer term use of technology. Thus, as noted in Fig. 1 earlier, we expect the relationships that predict intention to be moderated by gender and age, but not the intention-short-term use, short-term use-continued use, and continued use-sustained use relationships. H4(a): Short-term use will be determined only by behavioral intention to use technology. H4(b): Continued use will be determined only by short-term use. H4(c): Sustained use will be determined only by continued use.
H. Ties to TAM
Following up on the earlier ties between TPB and TAM, there are some parallels between our arguments for the roles of gender and age in TPB and their potential role in TAM. In the context of TPB, we have argued that at the root of attitude was the potential influence of productivity factors. Also, TAM research has consistently shown perceived usefulness to be the key driver of attitude (see ; [47] , [73] ). Thus, we could expect that the effect of perceived usefulness on intention will be moderated by gender and age similar to the moderation of the attitude-intention relationship. At the heart of the moderation of the perceived behavioral control-intention relationship were arguments related to perceptions of ease of use, thus suggesting that the moderation of the perceived ease of use-intention relationship would follow a pattern similar to the perceived behavioral control-intention relationship. Subjective norm is the same construct across both TPB and TAM. In addition, research has demonstrated that the primary TAM relationships are moderated by gender [79] , while the more recent unified model of technology adoption, with constructs similar to the TAM, found a moderation pattern similar to what is being suggested here among the TAM constructs [81] .
I. Summary
The model proposed here extends TPB by including gender and age as moderators of key relationships. Specifically, the hypotheses predict that the effects of attitude, subjective norm, and perceived behavioral control on intention will each be moderated by gender and age. Intention in turn will determine shortterm use, which in turn will determine continued use, which in turn will determine sustained use; however, these relationships are not expected to be moderated. Finally, in drawing parallels with TAM, the usefulness-intention relationship will be moderated similar to the attitude-intention relationship, the ease of use-intention relationship will be moderated similar to the perceived behavioral control-intention relationship, and the subjective norm construct (when included in TAM) is the identical in both models. The proposed relationships are summarized in Table II. III. METHOD The current research design closely followed the design of our prior work that we seek to integrate in extending TPB (i.e., [52] and [80] ). In the next several paragraphs, we discuss the methodological details of the current work.
A. Participants and Setting
Five organizations participated in this study. The organizations included were implementing a new software/technology application in part or all of the organization. Four hundred and forty five individuals agreed to participate in the study, and 342 (156 women-46%) usable responses (about 77% response rate) were received to test TPB in the technology introduction context at all points of measurement. 2 It is important to note that the study reported here has no overlap with the datasets reported in either of the previous two studies [52] , [80] that we extend. All the participants had some prior experience with using computers, ranging from 1 to 16 years with an average of 5.5 years. However, none of the participants possessed any knowledge about the software/technology being introduced. The specific software/technology being implemented varied across organizations, but all were enterprise-wide Windows-based systems for data and information retrieval, including accounting information, policies and procedures, and technical data. Use of the system was voluntary in all organizations during the period of the study due to the parallel availability of both old and new systems during the first several months of the new technology implementation.
B. Procedure
At the beginning of the study, all participants received up to a full-day of training on the software/technology. Although the specific length of the training varied across organizations, the allotted training time was beyond the control of the researchers as the research took place in its naturally occurring field setting. After the training was completed, support staff were available to provide help with questions or problems as the systems were implemented. Employee reactions to the technology were measured at three points in time: after the initial training (T1), after one month of experience (T2), and after three months of experience (T3), consistent with Venkatesh et al. [80] . While T1 represented initial employee reactions, T2 and T3 represented situations of significant direct experience with the behavior becoming more habituated. Employee reactions gathered at these three points in time were used to predict actual use of the technology, which was gathered using system logs during the entire six-month period of the research. 3 Technology use was divided into three groups based on the times of measurement: Use12 (use between T1 and T2), Use23 (use between T2 and 2 60, 50, 64, 85, and 112 individuals from each of the five sites, respectively, participated in the study. 3 Both [52] and [80] conducted studies over a five-month period.
T3), Use34 (use between T3 and the end of the study, i.e., six months).
C. Potential Confounding Factors
As identified in previous research, several demographic variables including income, education, and occupational level, could potentially confound observed gender and/or age differences (see [42] ). Specifically, older men are over represented in categories of higher income, higher educational qualifications, and higher organizational positions. Lefkowitz [42] suggests that not controlling for the effect of such covariates "underestimate the complexity of the issue under study and, at worst, are misleading" [42, p. 341] . Thus, in the current research, beyond examining gender and age differences, we examined the potential confounding effects of income, education, and occupation levels (see [12] , [28] , [67] , [68] , and [88] ).
D. Measurement
The Appendix reports the various scales used in the TPB testing. The scales for attitude toward behavior, subjective norm, perceived behavioral control, and intention to use the technology were measured using extensively validated items from prior TPB research, particularly, those research studies that we seek to extend [52] , [80] . Also, in order to examine the generalizability of our arguments in the context of TAM, we included the items for the two constructs that were different from the constructs in TPB: perceived usefulness and perceived ease of use (see [81] for the scales).
Actual use behavior was gathered from network logs and was operationalized as the duration of system use. Principal components analysis with direct oblimin rotation (to allow for correlated factors) confirmed convergent and discriminant validity of the scales at each point of measurement. Reliability analysis (Cronbach alpha) showed that all scales were highly reliable. The results of these analyses at T1 are shown in Table III . The pattern of results were similar at T2 and T3 and are not reported here in the interest of brevity, given the high degree of consistency with T1 and the extensive previous research that has established the reliability and validity of these scales (e.g., [47] , [52] , [73] , and [80] ). We also measured the demographic variables of interest: gender, age, income, education, and organizational position. Gender and age were measured using simple items. Income was measured using a scale with alternative ranges (i.e., 20 000, 20 000-29 999, 30 000-39 999, etc.). Educational level was measured by asking subjects to respond to a question about the highest level of education completed (i.e., some high school or less, graduated high school, some college, etc.), consistent with much prior psychology and sociology research. Information about occupational level was collected by asking participants to choose from a list of various positions in the organizational hierarchy (e.g., top management). The specific scheme used in this research was adapted from Blau and Duncan [11] and modified to be consistent with the scheme used at the different participating organizations in order to ensure accuracy of responses.
E. Analysis Procedure
We used the Chow's test described in Pindyck and Rubenfeld [58, pp. 123-126 ] to assess whether the data from the different organizations could be pooled. For the data to be pooled, the beta coefficients of the TPB regressions from the different organizations have to be statistically equivalent. In addition, we also examined mean differences in key constructs across the various organizations and found no statistically significant differences, alleviating concerns related to interorganizational differences in systems and training programs and providing further support for pooling the data across organizations.
The categorization with regard to gender was straightforward and a dummy variable was used to represent women/men. Age was treated as a continuous variable consistent with Morris and Venkatesh [52] . Hierarchical regressions were conducted to examine the TPB relationships at T1 (A-BI, SN-BI, and PBC-BI) and the effects of determinants on technology use (USE12, USE23, and USE34). First, we examined gender differences in the importance of A, SN, and PBC as determinants of intention to use the technology (T1). We performed regression analyses by introducing a dummy variable, GENDER ( Female; Male), and testing for moderation of the A-BI, SN-BI, and PBC-BI relationships by GENDER. Building on this initial interaction term, we examined three-and four-way interactions with the other demographic variables including age. Specifically, we conducted regression analyses to include three-way interactions (e.g., A GENDER AGE). If gender effects existed (via significant two-way interactions earlier, but no significant three-way interactions), such results would suggest that the added demographic variable (i.e., age) did not play a role. Next, in order to ensure that the three-way interactions existed as predicted, i.e., only with gender and age, we examined three-way interactions including gender or age with the other demographic variables (e.g., A GENDER INCOME; A AGE OCCUPATION). Finally, we examined four-way interactions (e.g., A GENDER AGE INCOME) to understand further moderation by the other demographic variables. Interaction terms are very complex to interpret, particularly higher order interaction terms such as the ones reported here. We employed a combination of two techniques to ensure that the effects observed were consistent with the hypotheses here: 1) we plotted the data using two software packages (Systat and Table Curve) to observe patterns of relationships and generate coefficients for various subsets of data (e.g., older men, younger women, etc.) and 2) we split the data into separate subsets, based on a combination of demographic characteristics, e.g., older men, younger women-and analyzed the subsets to determine the beta coefficients among each group. The Chow's test was conducted to examine differences in beta coefficients and confirm that any significant higher order interaction terms were consistent with the hypothesized pattern.
In the longitudinal test to predict technology use (USE12, USE23, and USE34), the data were pooled across measurements, consistent with Venkatesh et al. [80] . A hierarchical regression was conducted using perceptions, intentions, and prior use. Interaction terms similar to the earlier regressions (on intention), that used intention as the dependent variable, were in -TABLE IV  DESCRIPTIVE STATISTICS AND CORRELATIONS cluded to examine potential moderation of key relationships by gender, age, and other demographic variables. 4 
IV. RESULTS
A. Preliminary Analysis
The descriptive statistics and correlations from the pooled analysis are shown in Table IV . As indicated in the table, the mean values for each of the perceptual constructs fell slightly above the mid-point of the scale and were stable over time. Standard deviations were also relatively similar for each construct over time. Each of the perceptual variables (A, SN, PBC, and BI) at T1 were correlated with the corresponding measures at subsequent time periods, although perhaps not as strongly as one might expect, ranging from 0.29 to 0.48. Objective behavioral measures (i.e., system use) were more strongly correlated than the perceptual variables across time periods.
B. Tests of Gender and Age as Moderators
The results of the regression analyses performed to examine gender and age differences in the importance of attitude toward using technology, subjective norm, and perceived behavioral control in predicting intention measured at T1 are given in Table V . The results supported hypotheses 1-3. Specifically, the results indicated that gender and age together moderated key TPB relationships such that gender differences were more pronounced with increasing age, with men placing a greater emphasis on attitude toward use compared with women. In contrast, with increasing age, women were strongly influenced by subjective norm while men were not. Also, with increasing age, perceived behavioral control was more significant to women than men. This suggests that with increasing age, men are strongly influenced by attitude toward using technology (and, thus, instrumentality) in their decision-making process, while with increasing age, women are more influenced by all of the determinants, and thus, are more balanced in their evaluation and assessment about whether to adopt or reject new technologies. As noted in Table V , the various alternate/confounding three-way interaction terms added (e.g., A GENDER INCOME, A AGE OCCUPATION) were nonsignificant and were, therefore, excluded from the analysis and the results reported in Table V were based on a re-estimated model with nonsignificant terms excluded. Also, all the four-way interaction terms, i.e., those including income, educational level, or occupational level-were nonsignificant and the results reported in Table V were based on a reestimated model with nonsignificant terms excluded.
C. Understanding the Pattern of Moderating Influences
Having established the moderation of TPB relationships by gender and age, the next step was to shift the focus away from a strict evaluation of pure statistical significance and onto a broader interpretation of the practical relevance of the observed pattern of results, especially as it relates to cohort differences. In order to accomplish this, as noted in Section III-E earlier, we first plotted the data to see if the patterns observed fit with the interactions as hypothesized. Using Systat and Table Curve, we grouped subsets of data and generated regression coefficients. Based on these preliminary analyses, we found support for the pattern of results that we had proposed.
In order to further systematically examine the pattern of results and their fit with the proposed interactions, we created subsets of the data based on the demographic characteristics. We classified individuals into high and low categories according to the various demographic variables. Note that, in the primary analyses described previously, age was coded as a continuous variable in order to retain maximum information. However, to help further dissect the meaning behind the results, age was subsequently coded as a dichotomous variable for clarity in presentation when distinguishing between "older" and "younger" cohorts of workers. Table VI presents a summary of the bases for classification of respondents into the two categories in each of the demographic variables-age, income, education, and occupation-and also presents the number of respondents in each category. We categorized individuals such that individuals who were 39 or under were categorized as "younger," while those 40 or older were placed in the "older" category. This cutoff point for young and old was chosen based on research (see [26] and [69] ) that suggests those in their 40s (and over) represent the "older" or "maturing" workforce. To categorize on the basis of income (into low and high), we studied official government reports from the U.S. Bureau of the Census [91] , and found the adjusted median income of an average full-time worker for the year of the study was somewhat over $23 000. In order to correspond with this median income, we used "less than $20 000" as the cutoff point for the low and high-income groups, respectively. To categorize educational level, those who graduated college or had some college were classified as "high" in terms of educational level and those with no college education or some vocational/technical school were classified as "low." For occupational level, we categorized executive/top management, middle management, and supervisory positions as "high" and administrative/clerical, technical and other categories as "low" (per [42] ). 5 Regression analyses were conducted within various groups as shown in Table VII . The results indicated that in the older group, there were significant gender differences in the importance of A, SN, and PBC in determining intention. Of course, this is consistent with the regression analyses reported earlier; however, this post hoc analysis provides additional detail on the nature of the moderated relationships and, from an applied point of view, helps one better visualize the observed effects. Specifically, older men placed greater emphasis on A, while older women placed greater emphasis on SN and PBC. In this context, it is interesting to note that the mean and standard deviation of subjective norm for older women were 4.7 and 0.8, respectively (at T1). Compared with the other three groups, the mean value of subjective norm for older women was statistically significantly lower, thus indicating that older women were placing greater emphasis (evidenced by the higher beta weight) on the normative influence even though the extent of normative pressure was not very high (as evidenced by the lower mean). In contrast, a unisex pattern of results was observed in the younger group. Specifically, no significant difference was found between younger women and younger men in terms of importance of A, SN and PBC. As can be observed in Table VII , some three-way interaction effects were also observed in the case of subsets of data broken down by gender and income, gender and educational level, and gender and occupational level. However, in light of the evidence from Table V, it should be noted that none of these effects were significant above and beyond the effects of the three-way interactions with gender and age as moderators.
The next set of regressions examined technology use at various points of measurement as the dependent variables (see Table VIII ). As expected, only intention and/or previous use were significant predictors of use and none of these relationships were moderated by the demographic variables. The TPB determinants measured at various points in time were included as direct effects and interaction terms with the various demographic variables (two-, three-, and four-way), but did not provide any additional explanatory power beyond the already known determinants of behavior. This pattern supported the predictions presented in H4(a)-(c).
D. Ties to TAM
Although not explicitly the focus of the paper, as noted earlier, we gathered data about the various TAM constructs. As expected, the pattern of results observed in examining the TAM relationships was as follows: 1) the perceived usefulness-intention relationship was moderated by gender and age and the pattern was nearly identical to that observed for the attitude-intention relationships in TPB; 2) the common construct, subjective norm, had a similar impact in the TAM relationships as it did in TPB; and 3) the perceived ease of use-intention relationship was moderated by gender and age, and the pattern and coefficients were quite similar to what was observed in the various perceived behavioral control-intention relationships within TPB.
V. DISCUSSION
The present study extends TPB by incorporating gender and age as moderators of the model's core relationships. In so doing, the present work helps managers understand the details of the impact of gender and age on decisions made by individuals about new technology adoption and use in the workplace. Specifically, the current research shows that the pattern of gender differences in individual technology adoption varies with age such that gender differences were more pronounced with increasing age. With increasing age, the pattern of gender differences appears consistent with all other results reported in Venkatesh et al. [80] , i.e., attitude was important to men, while attitude, subjective norm, and perceived behavioral control were all important to women. Of most interest, however, is that gender differences decline dramatically among the younger cohort of workers and a more unisex pattern of results emerges.
A. Implications for TPB
Before discussing implications for the context of study, it is important to highlight some of the contributions and implications for TPB and organizational behavior research. In this study, the basic TPB hypothesis that the effect of external variables (e.g., gender) will be completely mediated was not supported, a pattern consistent with some other research (e.g., [72] ). This raises a question about situations or circumstances when there is only partial mediation of external variables by TPB constructs. Furthermore, our review of the literature suggested that the role of moderators have been largely overlooked (Albarracin et al. [5] , Conner et al. [17] ). Our work suggests that the interplay of gender and age alters the nature of key relationships in TPB. Not only does this serve as a call for a careful examination of moderation by gender and age in other organizational behavior contexts but also, it behooves researchers to examine other potential moderators within TPB when applied in other contexts. TPB is used not only in organizational behavior studies but also in general psychology studies where moderators such as gender, age, income, education, etc., may play an even stronger role. Interestingly, in their TPB meta-analysis, Albarracin et al. [5] note that supplemental analyses of TPB relationships indicated that the strength of associations proposed generally varied as a function of gender and age, among other variables [5, p. 154]; however, these results were not the primary focus of that study. Particularly in light of the changing demographics of today's work force, the current findings highlight the potential dynamic nature of TPB that can be best understood by including key theoretical moderators when appropriate. In sum, our findings underscore the importance of including gender and age as key extensions to TPB when applied to technology use, and potentially, to more general contexts as well.
B. Implications for Technology Adoption Research
Given that workers over the age of 40 are becoming a larger percentage of the workforce [26] , gender differences among older workers have important implications for managers in devising technology implementation and management strategies. However, the more unisex pattern observed among younger workers is particularly interesting and encouraging because it emphasizes potential similarities, rather than differences, between women and men (see [20] and [48] ). This pattern of findings is different from other recent studies that have suggested that women today are still very different in their reactions to technologies compared with men (for examples, see [16] and [29] ). At least with respect to perceptions and decisions about technology, the results here suggest that supposed differences between women and men must be interpreted with respect to age. This observation sparks several important questions stemming from plausible explanations for the result. One possible reason for the more unisex pattern among younger workers is that the socialization of women and men in the post-feminist era is more similar compared with socialization patterns of women and men in the past (e.g., less gender typing and increased career focus among women). A second possible reason is that younger workers, both women and men, have received greater exposer to technology compared with older women, thus minimizing gender differences in factors important to younger workers. Both these explanations would suggest that as this younger cohort of workers grows older, there are likely to be more similarities than differences in technology adoption and use decisions. However, a competing explanation is that the similarities observed are related more to age than to socialization patterns and that gender differences will instead begin to surface as this younger cohort matures. Longitudinal research is essential to understand which of the above potential explanations is true. As a first step, this work provides a benchmark for future studies of this phenomenon.
This research and other prior research suggest that instrumentality is a key determinant of attitude toward using technology. While peer pressure and superiors' influence are key determinants of subjective norm in technology adoption contexts, one crucial direction for future research is the underlying mechanism for the greater importance placed by women on such normative influences. Minton and Schneider [51] and Roberts [66] suggest two potentially competing causal mechanisms-one based on differences in compliance patterns and another based on differential responsiveness to informational input from others. Although both lines of argument suggest similar outcomes, the information processing models proposed are different. It is important to understand these models and circumstances under which each model is operational in order to facilitate design of appropriate organizational interventions for increased buy-in for technologies being introduced.
The findings from the current research have other significant implications for future research. The powerful effects observed in the context of the simple variables of gender and age should be contrasted with constructs rooted in the psychology of individual differences (e.g., conscientiousness and locus of control). Future research should also examine different interventions and their ability to have a favorable impact on different user constituencies. For instance, knowing that women respond to social influences, researchers might examine the most effective methods of creating such a social influence. Other important research questions include examining the impact of technology use on job outcomes such as job satisfaction, organizational commitment, and performance, particularly as they relate to potential moderators such as gender and age. Our research was conducted within the contexts of technology implementations where use was voluntary. The effect of the moderators in the context of situations where use is mandatory should be examined. For example, some researchers have suggested that satisfaction, rather than use, may be the more appropriate dependent variable in such cases (e.g., [13] ).
C. Implications for Practice
The results of this research clearly suggest that different constituencies of employees take different factors into account in making technology adoption and use decisions. From a user-centered design perspective, the current results clearly show that individual differences among users are important in understanding how and why users make different choices about technology. The results here imply that user analysis cannot be taken for granted and rather, should become the centerpiece for design, especially at early stages of the systems development and implementation process. Clearly, as noted at the outset, gender and age data and the information about the overall composition of the workforce are typically readily available. This suggests that training and managerial interventions should be appropriately targeted to ensure that the new system is received well by all user constituencies. This is particularly important since, as shown here, early perceptions can have a lasting impression on individual intentions and behavior. Thus, training programs should be tailored to emphasize factors that are important to each group. For example, trainers should be cognizant of the need to emphasize productivity-enhancement factors that are very important to older men. They should also take care to ensure this emphasis does not come at the expense of other factors, e.g., claims by peers or other referents and availability of adequate support-that may be more important to other workers. Similarly, internal and external marketing efforts should capitalize on these findings by designing tailored information for different constituencies, thereby giving each group something to like about new technology products. While the gender differences observed allow for important prescriptions, the exciting finding that individuals born in the post-feminist era-i.e., so-called "Generation Xers"-revealed a more unisex pattern, thus suggesting a new and positive direction that will allow us to focus on similarities between women and men rather than differences.
VI. CONCLUSION From a theoretical perspective, our results provide evidence that the relationships posited by the theory of planned behavior can benefit from the inclusion of moderators that are relevant for the behavior in question. The current study indicated that while TPB is useful in explaining technology adoption and use in organizations, extending the theory to include the combined moderating effects of gender and age significantly increases our understanding of the underlying phenomenon. From a practical individual behavior perspective, based on prior research, managers might reasonably wonder whether gender differences matter when implementing new technology in organizations. Our results indicate that the answer to this question is more complex than it may appear and is based on the dynamic interplay between gender and age. For older workers, a clear pattern of differences existed between men and women, and these results were relatively stable over time. However, for younger workers, the picture is less clear, with a unisex pattern emerging, thus suggesting that in the younger generation, men and women were more alike than different. This paints an encouraging picture and suggests that old stereotypes that classify "technology" as a male domain may be disappearing.
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